SUMMARY Phagocytosis and cellular cytotoxicity by mononuclear phagocytes of blood and intestinal mucosa were studied in patients with Crohn's disease and large bowel neoplasms. Antibody coated sheep erythrocytes were used for phagocytic assays 
Mononuclear phagocytes are a prominent part of the inflammatory response in Crohn's disease and certain neoplasms, but little is known of their function in these disorders. In Crohn's disease monocyte numbers in peripheral blood are increased' ' To explore the functional status of mononuclear phagocytes in Crohn's disease and colon neoplasms further, we studied phagocytosis and cellular cytotoxicity by these cells in peripheral blood and intestinal mucosa from patients with these disorders. 1034
Methods
The subjects studied are listed in Table 1 . Healthy controls had no evidence of gastrointestinal disease or intercurrent illness. Crohn's disease was documented by combined clinical, radiological, and histological criteria. According to Crohn's Disease Activity Indices,'9 which ranged from 64 to 447, eight patients had inactive disease and 12 had active disease. Nine patients were on no medication, seven were taking corticosteroids in varying doses, two were taking sulphasalazine, and two were taking azathioprine. In the colon neoplasia group, five patients had Dukes A, seven had Dukes B, and four had Dukes C lesions. One patient had a large benign polyp. Intestinal mucosa was available for study from three patients with Crohn's disease, one with ulcerative colitis, one with angiodysplasia, and 10 with colonic neoplasms. All subjects gave informed consent according to the guidelines of the Human Experimentation Committee of the University of Vermont.
MONONUCLEAR PHAGOCYTE ISOLATION
Peripheral blood In patients having resections blood samples were removed immediately before surgery. Sixty millilitres of venous blood was collected in preservative free heparin (10 U/ml) and the mononuclear cells separated on FicollHypaque.2 Mononuclear cells were washed three times in chilled Hank's balanced salt solution and resuspended in tissue culture medium consisting of 
PHAGOCYTOSIS OF ANTIBODY COATED SHEEP ERYTHROCYTES
Phagocytosis by adhered cells 5x 105 mononuclear phagocytes suspended in 0.5 ml tissue culture medium (fetal calf serum) were spread evenly on plastic cover slips (Thermanox 1.5. Lux Scientific Corp, Newbury Park, CA) and incubated for one hour at 37°C in 5% CO2. Adhered cells were rinsed with phosphate buffered saline and incubated for another hour with 0-5 ml of IgG coated sheep erythrocytes (Cordis Laboratory, Miami, FL). Cover slips were immersed in distilled water for 20 seconds to lyse unphagocytosed erythrocytes, rinsed in phosphate buffered saline for five seconds, air dried, fixed, and stained for alpha napthylacetate esterase.
Phagocytosis by cell suspensions 5 x 105 cells per 0-5 ml tissue culture medium (fetal calf serum) were mixed with 0-5 ml of IgG coated erythrocytes in 15 ml test tubes and the suspensions were incubated at 37°C in CO2 for 60 minutes with frequent shaking. The suspensions were then centrifuged, the supernatants removed, and the pellets resuspended in 5 ml ammonium chloride, 0-9%, to lyse erythrocytes. Suspensions were again centrifuged, resuspended in tissue culture medium (fetal calf serum) and cytocentrifuge preparations were stained for alpha napthylacetate esterase.
Results of the phagocytosis studies were expressed as the percent of 100 or more mononuclear phagocytes showing erythrocyte ingestion (phagocytic index) and the mean number of erythrocytes ingested by 20 randomly selected mononuclear phagocytes (phagocytic capacity). The effect of lipopolysaccharide (S. Typhosa 0901, Difco Laboratories, Detroit, MI) was evaluated in phagocytosis studies by preincubating mononuclear phagocytes in 50 ug/ml for 1 hour before exposure to antibody coated erythrocytes. The effect on cytotoxicity was assessed by addition of 50 ug/ml lipopolysaccharide during cytotoxicity assays.
Results were statistically analysed for significant differences by paired and unpaired Student's t tests.
Results
The percentages of mononuclear phagocytes in whole mononuclear cell suspensions and adherent populations in various groups are given in Table 2 . Mononuclear phagocytes comprised a significantly higher proportion of the mononuclear cell population in Crohn's disease and cancer patients compared with controls (p<0.001), but mucosal suspensions had significantly lower proportions of mononuclear phagocytes compared with normal blood (p<0-01). The percentage of mononuclear phagocytes in adherent populations from mucosa was significantly lower than in blood of controls and Crohn's disease (p<0*001). The esterase negative the distal human intestine. In this study a significant number of adherent cells were esterase negative and therefore did not qualify as mononuclear phagocytes. Extrapolating from animal studies these cells were presumably B-lymphocytes, and thus were neither cytotoxic nor phagocytic. The consistently lower phagocytic index in suspensions, especially in mucosal suspensions, is unexplained, but could indicate altered Fc receptor function in a subgroup of the mononuclear phagocytes population. The phagocytic capacity of circulating monocytes of all study groups was similar, but a significantly higher phagocytic capacity was found in mucosal macrophages. These cells were apparently stimulated or activated within the intestinal mucosa. Among many potential mediators to which mucosal macrophages are exposed, lipopolysaccharide would be expected to be important. Despite contrary results in animal studies,24 however, under the conditions of our studies, lipopolysaccharide had no effect on phagocytic function of blood monocytes of controls and Crohn's disease patients.
The lowest cytotoxicity values occurred in mononuclear phagocytes and mononuclear cell effectors of blood from patients with Crohn's disease, and in mononuclear cells of intestinal mucosa. The highest values occurred in mononuclear phagocytes from patients with colonic neoplasms. The subnormal cytotoxicity of mononuclear phagocytes in Crohn's disease may be related to rapid monocyte turnover and resulting immaturity, but purified human monocytes reportedly lose their cytotoxic capability during maturation in vitro.25 Cytotoxicity was minimal at four hours and unheated autologous serum was not cytotoxic, indicating that the observed cytotoxicity was not an antibody mediated process.2$ Thus we surmise that cell lysis occurred by non-specific cell mediated cytotoxicity. It is known that human monocytes effect cytotoxicity by spontaneous cell mediated mechanisms, 29 as well as by antibody dependent cellular cytotoxicity,25 29 and by has not been examined using human mononuclear phagocytes. All of these factors could be influencing the cytotoxicity observed in this study, and further investigations will be required to obtain a better understanding of these events. These studies also show that adherent mucosal macrophages are capable of effecting cytotoxicity for colon cancer cells grown in culture. In both blood and mucosa mononuclear phagocytes were calculated to account for approximately 30% of the cytotoxic capacity of mixed mononuclear cell effectors. Adherent mucosal macrophages were often more cytotoxic than the corresponding mucosal mononuclear populations and the circulating monocytes of the same patient. The small numbers of resections from which macrophage. cytotoxicity data were available, and the diverse sources preclude any conclusions regarding altered functions in specific patient groups, Moreover, the mononuclear phagocyte populations contained esterase negative mononuclear cells, and the methods used did not permit direct assay of cytotoxicity by non-adherent mononuclear phagocytes of mucosa. New techniques for isolating purer populations of mononuclear phagocytes have been reported,25 and the application of these methods will be of great advantage in future studies of macrophages of intestinal mucosa.
In conclusion, we confirm the increase of mononuclear phagocytes in peripheral blood of patients with Crohn's disease and document similar findings in colonic cancer. Mononuclear phagocytes comprise approximately 10% of the mononuclear cell population of human intestinal mucosa. This value is one-fourth that found in blood of patients with Crohn's disease and colon cancer and one-half that found in healthy subjects. Phagocytosis by circulating monocytes of the various study groups was similar, but mucosal macrophages ingested significantly more opsonised erythrocytes. Adherent mononuclear phagocytes of blood of normal subjects and colon cancer patients and adherent mucosal macrophages showed active cytotoxicity for neoplastic epithelial cells in vitro. Cytotoxicity by blood mononuclear phagocytes in patients with Crohn's disease was subnormal, coinciding with similar defects reported for natural killer cells in these patients.'2 Lipopolysaccharide had little effect on phagocytes of patients with Crohn's disease. Further studies of these functional differences in Crohn's disease and colon cancer are needed to determine if these changes could be involved in the pathogenesis of these disorders. 
